Molecular mechanisms of citrus flavanones on hepatic gluconeogenesis.
It is well known that hyperglycaemia is the initiating cause of tissue damage associated with type 2 diabetes mellitus and that enhanced hepatic gluconeogenesis may account for the increase in blood glucose levels. The purpose of this work was to investigate the possible actions and mechanisms of three related citrus flavanones, namely hesperidin, hesperetin and naringenin, on hepatic gluconeogenesis and related parameters using isolated perfused rat liver. Hesperetin and naringenin (but not hesperidin) inhibited gluconeogenesis from lactate plus pyruvate, alanine and dihydroxyacetone. The inhibitory effects of these flavanones on gluconeogenesis from lactate and pyruvate (hesperetin IC50 75.6 μM; naringenin IC50 85.5 μM) as well as from alanine were considerably more pronounced than those from dihydroxyacetone. The main cause of gluconeogenesis inhibition is the reduction of pyruvate carboxylation by hesperetin (IC50 134.2 μM) and naringenin (IC50 143.5 μM) via inhibition of pyruvate transport into the mitochondria. Secondary causes are likely inhibition of energy metabolism, diversion of glucose 6-phosphate for glucuronidation reactions and oxidation of NADH by flavanone phenoxyl radicals. The influence of the structural differences between hesperetin and naringenin on their metabolic effects was negligible. Analytical evidence indicated that the presence of a rutinoside moiety in hesperidin noticeably decreases its metabolic effects, confirming that hesperetin and naringenin interact with intracellular enzymes and mitochondrial or cellular membranes better than hesperidin. Thus, the inhibition of the gluconeogenic pathway by citrus flavanones, which was similar to that of the drug metformin, may represent an attractive novel treatment strategy for type 2 diabetes.